Abstract: Education, together with science and technology, is the main driver of the progress and transformations of a country. The use of new technologies of learning can be applied to the classroom. Computer learning supports meaningful and long-term learning. Therefore, in the era of digital society and environmental issues, a relevant role is provided by open source software and free data that promote universality of knowledge. Earth observation (EO) data and remote sensing technologies are increasingly used to address the sustainable development goals. An important step for a full exploitation of this technology is to guarantee open software supporting a more universal use. The development of image processing plugins, which are able to be incorporated in Geographical Information System (GIS) software, is one of the strategies used on that front. The necessity of an intuitive and simple application, which allows the students to learn remote sensing, leads us to develop a GIS open source tool, which is integrated in an open source GIS software (QGIS), in order to automatically process and classify remote sensing images from a set of satellite input data. The application was tested in Vila Nova de Gaia municipality (Porto, Portugal) and Aveiro district (Portugal) considering Landsat 8 Operational Land Imager (OLI) data.
Introduction
Inclusive and equitable quality education, and lifelong learning opportunities for citizens are major sustainable development goals to face planetary changes [1] . Education, together with science and technology, is the main driver of progress and transformations of a country [2] . In the engineer area, the professionals can play an important role in industry or in teaching classes as supervisors or mentors. The use of new technologies of learning can be applied to the classroom. This type of interaction increases the motivation in the classrooms [3] . Consequently, computer learning supports meaningful and long-term learning [3] . Therefore, in the era of digital society and environmental issues, a relevant role is provided by open source software and free data that promote universality of knowledge [4] . In this context, Earth Observation (EO) data, remote sensing and Geographical Information Systems (GIS) technologies are crucial to monitor and support the management of natural environment [5] . However, their use to track progress towards global and national targets is still restricted by limited access to open learning and technology [6] .
The implementation of open source software in teaching classes allows students to apply different methods and different experimental approaches and share them with other users. This contribute to scientific progress is only possible with the access to unlimited free and open source software [7] .
of combining a set of image processing procedures in a unique tool. Moreover, the steps to process a satellite image are sequentially implemented/presented in PI2GIS. 
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The main objective of this work was to contribute to the use of EO data in GIS environment in university teaching courses by creating the PI2GIS, including a new set of image processing operations. This application was implemented in QGIS software using the Python programming language, and it can be divided into three groups of operations: pre-processing, processing, and classification. This application is composed of: (i) creation and histogram visualization; (ii) low, median and high filter application; (iii) atmospheric corrections; (iv) contrast and brightness corrections, including histogram equalization; (v) unsupervised classification algorithm, specifically K-means algorithm; and (vi) the computation of Normalized Difference Water Index (NDWI) in addition to NDVI and EVI. Two Landsat 8 OLI images from Vila Nova de Gaia (VNG) and Aveiro were used to test the application.
Methodology
The PI2GIS Application
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PI2GIS Pre-Processing Module
The Pre-processing module allows data rescaling, image enhancement, radiometric conversion and atmospheric correction. The graphic interface was composed of two tabs: Pre-processing and conversionDN. The Pre-processing tab allows users to deal with image noise by analyzing histograms and enabling the application of histogram equalization or filters. Band histograms were implemented through the function hist and created a histogram per image band stored in 8-bits format. To implement this functionality, the Matplotlib, a plotting library for Python was used [37] .
In order to reduce the image noise, a group of three operations are available: Light correction, Histogram equalization and Filter methods. These operations can be applied to a single band or to all bands (selected through a combo box). The Light correction option allows applying brightness corrections with the support of the widget QSlider [34] . By moving the slider, it is possible to increase or decrease the brightness, considering the range between −200 and +200. The results are automatically visualized in the QGIS interface through Preview button. The Histogram equalization option allows improving the image contrast (in 8-bits) and it is implemented with the support of QcheckBox widget [34] . This method flattens the grey level histogram of an image in order to equalize all intensities with the aim to normalize image intensity. This transform function is, in this case, a Cumulative Distribution Function (CDF) of the pixel in the image (normalizes the range of pixel values to the desire range). The CDF was applied using the cumsum() function from Numpy library [38] . To normalize the data, Equation (1) was applied:
Different types of filters (median, low pass and high pass) were implemented. A median filter is a non-linear filter that allows smoothing the images. This filter is based on a moving-window (matrix), typically with 3 × 3 size, which moves along the image and recalculates the pixel values by taking the pixels median value. In this application, the median_filter function, from Scipy library (version 0.19), was used considering a moving-window of 3 × 3 by default [38] . A low pass filter is a linear filter that smooths the image by removing high frequencies and keeping the low frequencies. Gaussian_filter, also from Scipy library, with a sigma value of 3, was considered by default (standard deviation for Gaussian Kernel) [38] . A high pass filter was also implemented for contour detection, and it consisted of subtracting the original values of pixels by the values obtained in the low pass filter. It was also based on Gaussian_filter, but, in the end, the result was obtained from the subtraction of the original image by the Gaussian filter result.
The conversionDN tab was intended to perform a conversion from Digital Numbers (DN) to radiance or reflectance considering or not the atmospheric correction (16-bits) . In conversionDN, a for loop defined in a specific directory was used. The bands 1 to 8 of Landsat 8 OLI image are required as input. This function was inspired on a code obtained from GitHub, which uses GDAL and Numpy libraries, and all the rescaling factors were based on Landsat 8 Data Users Handbook [39] [40] [41] [42] . To perform the DN to Top-Of-Atmosphere (TOA) reflectance conversion, the function calls and reads the metadata file (MTL) available in text format, and uses the line.split function (from Python library [32] ) to create a dictionary, which links the Landsat 8 band number and the value in the MTL variable for each specific band.
The effects of the atmosphere must be considered to obtain surface reflectance. Therefore, due to the easy computation, the Dark-Object-Subtraction-1 (DOS1) atmospheric correction algorithm was chosen and implemented to improve the estimation of land surface reflectance [43] . The DOS1 is an image-based atmospheric correction defined by Chavez (1996) as follows: "basic assumption is that within the image some pixels are in complete shadow and their radiances received at the satellite are due to atmospheric scattering (path radiance)" [43] . The code implemented was based on the SCP manual [30] .
PI2GIS Processing Module
The Processing group includes color composite, vegetation index calculation and multi-spectral resolution improvement (pan-sharpening) operations. The Processing button allows performing a color composite scene followed by pan-sharpening in order to improve spatial resolution. To perform the pan-sharpening, two tools from OTB were implemented: Superimpose sensor and Pan-sharpening Ratio Component Substitution (RCS) [27] . The pan-sharpening is a process of merging the panchromatic band with the multispectral bands to create a single high-resolution color image [27] . Different algorithms can be applied. The spatial resolution of input data is one of the major factors that influence the algorithm choice [44] . For instance, Landsat 8 can be combined with Sentinel 2 data for long-term high-frequency monitoring [45] . The Superimpose performs the projection of an image into the geometry of another one with the same extension [27] . The Processing module also allows the calculation of different environmental indices focusing vegetation and water components: NDVI, EVI and NDWI [46] [47] [48] . In the graphic interface, a combo box was created with four options: color composite, NDVI, NDWI and EVI. In order to create the color composite, the gdalogr:merge, algorithm from GDAL library was used [35] . The vegetation indices (Equations (2)- (4)) were implemented through gdalogr:rastercalculator, which was an algorithm from GDAL library:
where NIR, RED, BLUE and GREEN are the near-infrared reflectance surface, red reflectance surface, blue reflectance surface and green reflectance surface, respectively; L (L = 1) is a canopy background adjustment term; C1 (C1 = 6) and C2 (C2 = 7.5) are the coefficients of the aerosol resistance term and G is a gain or scale factor (G = 2.5) [46] .
PI2GIS Classification Module
The Classification group was defined with the aim to perform an unsupervised classification with the color composition image obtained from the Processing group. The Classification button incorporates the K-means algorithm available in the OTB library, which has the advantage of not requiring the definition of training classes [27] . K-means is an unsupervised classification algorithm that solves the clustering problem. Clustering is the process of finding a structure in a collection of unlabeled data by organizing objects, of which members are similar in some way. K-means is an algorithm, which slits the image into different clusters of pixels in the feature space, and each of them defined by its center and pixel is allocated to the nearest cluster [49] . In this interface, it is necessary to define a set of parameters which are existent in the OTB algorithm: training set size (clusters size, value 100 by default) is part of the original image that is used to train the model, the convergence threshold (value 0.0001 by default) is assessed when the K-means algorithm has converged on a good solution and should be stopped, the maximum number of iterations (value 1000 by default) and the number of classes. To support the definition of those parameters, the widgets QspinBox and QdoubleSpinBox were used [34] . The input image is the resulting multispectral high-resolution image from the pan-sharpening process obtained through RCS. As a result of the unsupervised classification, several classes were defined according to their spectral properties. The algorithm considered Nodata values as a class. To remove the Nodata values, the gdalwarp was used [35] . (Figure 3) . The VNG municipality belongs to Porto district and is mainly occupied by urban, industrial and rural land uses. The elevation ranges from a sea level to 261 m with rugged terrain. Aveiro district is characterized by flat terrain with the majority of the territory above 100 m of altitude and the coast with about 40 km width in the South. 
Demonstration of PI2GIS
Results
Pre-Processing Module
To test the Pre-processing group, the band 2 (B2-blue band) of Landsat 8 OLI image was selected. In this group, the images were rescaled from 16-bits to 8-bits. Then, the histogram for each band was created. The histogram creation was easy, and the user only needed to choose one band or all the bands. The histograms were created and immediately shown, in addition to being saved in a specific chosen folder. Figure 4 presents the B2 histogram for each study area. 
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Processing Module
In the Processing group, RGB composite, NDVI, EVI and NDWI were generated ( Figure 7 ). NDVI and EVI presented higher values in the spring and summer season. The image considered was obtained in July 2016. EVI presented lower values compared to NDVI, as EVI corrected some distortions in the reflected light caused by the particles in the air, as well as the ground cover below the vegetation [50] . NDWI was designed to maximize the reflectance of water. Thus, Douro River and several water bodies were easily identified.
(a) (b) Figure 6 . Zoom before-(left) and after-the application (right) of the low pass filter.
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Classification Module
The classification module was tested by performing an unsupervised classification, considering the K-means algorithm and the RGB combination (RGB543) as input ( Figure 9 ). In the false color composition, the vegetation regions are displayed in red ( Figure 9 ). Unsupervised classification is the only classification option available in the current version of PI2GIS (Figure 10 ). 
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Discussion and Conclusions
This study proposed PI2GIS, a new plugin, as an integrated and friendly open source tool to process satellite imagery in QGIS, an open source environment. PI2GIS was created as a new tool to support the remote sensing course at an university level, and it can be a useful contribute to the easy and modern education, since it was developed under the open source concept and it is expected to be simpler to use than other remote sensing software, considering the positive feedback given by the master degree students that have already tested it. PI2GIS emerged as a new teaching tool to improve the usage of EO data. The usage of new technologies, such as open source software, can stimulate the students to gain responsibility in their profession of engineers, to work independently with new modern tools, and to apply and adapt their knowledge to unexpected new situations, such as the necessity to create a new application (e.g. PI2GIS). This work provides two approaches in new learning methods: the possibility of development of GIS open source applications and the use of these new tools in the classroom. PI2GIS has been tested with a few Master Degree students in remote sensing, who verified the limitations and drawbacks of the tool, and gave us the feedback. Moreover, the application was already improved. In the future, PI2GIS will be used in the remote sensing Master Degree classes.
PI2GIS was developed to reduce barriers considering high education in environmental sciences and more specifically in the use of GIS and remote sensing data to monitoring environmental change.
A free and open source tool for basic remote sensing operations, available everywhere, also in less developed countries, can be a great contribution to equity issues, and will help to prepare young generations for environmental changes.
PI2GIS is available in www.fc.up.pt/pessoas/liaduarte/PI2GIS.rar. The attempt was to contribute to inclusive and equitable education and lifelong learning on environmental management and sustainable development, since this application can be used in remote sensing classes, in which some of the students are not familiar with remote sensing specific software. Therefore, a tool composed of the main processing image algorithms can be very useful to teach the main steps of satellite image processing.
The plugin modules were individually tested and PI2GIS can be considered operational. All expected outputs were created correctly with Landsat-8 satellite imagery data, and VNG municipality and Aveiro district were chosen to test the application. Therefore, the user-friendly interface of PI2GIS is a valid option to open learning and technology to monitoring and management of natural environment. Furthermore, PI2GIS takes advantage of all the GIS and remote sensing algorithms presented in the Processing Toolbox. Therefore, in terms of the user profile of PI2GIS, this can be a great advantage. In addition, the easiness in the creation or/and improvement of applications, such as PI2GIS, enhanced its performance. PI2GIS is not only a plugin with a set of QGIS algorithms. PI2GIS includes several procedures that are not so intuitive when QGIS is used.
Certainly, PI2GIS will be improved in the future, adding new functionalities and considering the feedback given by the users. For instance, in the Pre-processing group, the data processing, such as the transformation to PTTM06-ETRS89 (EPSG: 3763) or any other coordinate system, could be included. Further enhancement methods to improve contrast could also be included, such as optimal linear transformation or Gama correction. Furthermore, PI2GIS intended to process Sentinel-2 images. The calculation of other indices, such as Soil Moisture Index (SMI) and ISODATA method for unsupervised classification, are also being implemented in PI2GIS.
This work proposed PI2GIS as an open integrated and user-friendly remote sensing application implemented in QGIS software to remote sensing imagery analysis. The integration and releasing of remote sensing imagery operations through a user-friendly interface may constitute an added value of PI2GIS, regarding sparse open solutions available to deal with imagery processing in a GIS environment. The open access of PI2GIS contributes towards the millennium sustainable development goals, including access to equitable quality education and lifelong learning opportunities for citizens. PI2GIS can contribute to the quality of education by simplification of the usage remote sensing data in a GIS environment in environmental management and teaching. The graphic interface is very friendly, especially to non-familiarized users with GIS/remote sensing software, so the basic remote sensing data can be generated and interpreted. PI2GIS aims to contribute and not to invalidate existing GIS/remote sensing tools.
